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l{c-l~jlginccrin~  ,}1’1,’s  il’fissioIi  l’lannin~ (;roIIIId  S~sleIn  Archilccttlre  f“oI (~osl ICf’fieic])l
()]) CI”illiOl)S  in lIIC 21S1 (k’111111’y

.ICSS liodyc~’

OVCI the last scwcral  dmi(ks,  cn[),inccrs  a t  (IIC .lct l’mpulsi(m l<abmato]y have. dc.vc.lopcxl  a  V:tst
al”l’ay d analy(iml tools to dcsig II m i s s i o n s  to lIAI[h orbit, t h e  1110011, Sal], lIlancts :iml vaIious
o t h e r  lmdics i n  mII solat syslcm,  and bcyoad. I)UC in part  (0 tk unic]uc. ol)jcctivcs alId
]-c(]~lil~:l])c]]ts ofcmh ncw  m i s s i o n ,  m:ilIy catly [()()1s w e r e  dcvclopc.d  in an ac1-lIoc  c.ilvironmc])( to
SII])l)OII the. immdiatc  needs of specific ])roicc(s,  will) lil(lc thoup,ht givcIl to dcvcio])in~,  an overall
system arc.hikxtum, mainknancc, 0 1 ’  Icllsc’ by Slllmqllcm ]M@Xts. N(mc(hc]css,  t]]c tO()]S [])a(

CIIKI$,C(I lqyin 10 mprcscm( n rich hclitag,c.  0 1  m i s s i o n  dcsi~,a c.xpcricmcc and c;ip:ibili(y.

lli rc.cent years, a(lvaIicm in coln])IItcI  t)nr(lfv;(lc, Illo(lcIIi })log,l}il]]ll)ili~ laaguapjcs,  :in(l  (I)c ncc.d
for f a s t e r  and nmrc  cost cfficicnt  o]mJali(ms  fol sm:Ill  ]]]issioIis h a v e  higl)liglitd (IIC I)ccd (()
slrcamlinc,  consolid:itc,  and p,cncl-;ili7c.  .lI)l.’s mission  pl:innil)g,  s o f t w a r e . Rc:ili7ing this, .1 I’1’s
hflulti-mission Groun(l SystcIns  office a n d  l’roj,(c[ lksi~,t) (~cl)tcll):~vcjc)il)tly  uI)dcI(akcIl tlIc t;isk
of tralisforll]ing cxislillg “lc~acy” soflwww  11110  aII il)tc~,mlcd,  F,cncra] pIJqmc,  m u l t i - m i s s i o n
Iool Set.

‘J’l)c WOIk d c . s c r i b e d  i]) t h i s  al)stI:ict ll~is])ctfolt])~~(l  l)y [Ilc .lcl l’mpulsion  IJatmratory, [~aliforlli:l
ll)siil~l[c o f  ‘1’cchnolog,y,  UI)(IC.I coI)tI:~ct  to the N:iti(m:ll  Aclonautics and S]):icc A(lll]il)istl:lliol).

1. IllSrl’ol<l(’Al< ()\/lil{Vlli\V

II) kccpin~,  wi(h J1’1,’s cl]:itlc.r  to CX])1OIC. [tic SO1:II syslc.m, a  vaiic.ly  o f  Il)iss  ions  have l)cc.11
l: Iuncllcxi  to v:irious Ioc[itiol]s  iI)cludiI]~,  l’kl(tl othi(, (tic Iilootl, [ l i e  pl;inds, Mioccn{ric  obil, am] 10
sII)all  b o d i e s  such a s  mlncts and as(c.loids  h4ission  objcc.(ivcs  have imludc.(i  il)i(ial flyby
Ircol)]):tiss:ll)c.c>, dc.tailc(l  od)it:il ma])pinp,,  s:i(clli(c t(m Is, and surfacz  Ian(linp}s to Il:imc a  fc.w. IIntil
Iccmtly,  adivilics  h a v e  ccntcrc.d  on a rcl:itivciy slnalt  IIu IIIlmr of unique., fiIs(-of-a-kiitd ptoiccls,
and IN(M  of the missicm ana lys is  sof[warc wu~ LIc.zItc(l  on ;in as iiccdc(l b:isis by mission (Icsi:, tl
clly,inccrs  to solve. thcil - immcdia[c pmblms. l;ccausc  of the. ul)iquc. l)atuIc of cxich miss ion,  litllc
(tmup,ht w:is  g,ivcm to I-cusc. by sulMcqucml pIOIcc(s. Af(c.1 al l ,  how of(cn  VWS N A S A  Iikcly  to SCII(I
;I Vikin~,  s t y l e .  12indcI  to d ])lanct’s  sulfacc,  coll(lLIc[  [I “~,rand tolll’” o f  tllc solar  syslcIII lik~’
}loy:~l,c.ls  ] ;ill(] ?, 01 L;x1)]OI(.,  :~11 OUICI pl:iIIc,t ~,;Is  ~,i;{l)t aII(l i t ’ s  moons Iikc ~ialilc.o?

(k)lll])litcl’ S y s t e m s  ll:ivc :{1so Cllal)p,c.d  ~,lca[ly  ()\’1’l ttlc  ycill”s. llcf’mc switchinpjto  mostly  LINIX
t);tsc(l sys[citls,  ctlp,it]ccr.$ dcvrlopcd  and used .soflw’dtc  01) CVlt’ly ]Ilatf[)l”lns  such as the lI]M 7044,
7094 al)(l fimilly Ilniv;ic mail] fr:l]))cs. IIy col))]):lliso]l”  (o lno(lcrll cnt’,iiicming woIkst~ilions,  ” tlms(:
c:itlicl sys tems wcIc In(IclI  INorc (ii fflcul( alId cos(ly  (() USC. IO(xplcmtly,  the c.llal”~,cs  f o r  Com])lll  cl”

til])c collld g,r(’a[]y c.xcccd  (I]c cn[’jiticclir]f: 1:11101  I: IICS, As :1 ILSUI[,  lIIC m i s s i o n  :i])alysis sof(~i’alv



?

iill(l S1-t(’;itnlilli[ip, il)folli):itioll” flo\V  to l’t’dllc(>  Ctl-ols Illc; lllt “1)( ’11( ’1’”
[it)lc tIIICl l{dll~il)y, cI toIs inl)rrtt)tly  s:l(isfl~(l “cIIc; II)cI”.

3, l’ol<h41N(i  I’A1{’I’NI  LI<SIII1’S - [1 S1[1{S.  l)l:,\~l;l /01’111<S,

A\ [I]c h4S’I’ cffolt t o  1)()][ softw:ilc  flol)) II)C LIl)ivac  [() lJNIX

, ;III(I IIlr collll)indtio  i)” of s:(\’illy,

h4ANAGlil<s,  SI’ONSORS”

syslctl~s tlcdtcd col))l)lctioll,  ” II]c
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Trajectory Generation

Inputs : user, SPK, Events
Outputs: SPK trajectory

.—

..—. ..—
Timing / Events
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Inputs : SPK trajectory
Outputs: Evcmt  lime, labels

Geometry Calculations

Inputs : SPK trajectory
Outputs: lker  requested data

‘1’hc (ksini Inission  10 SatuI II cxcIciscs  much of this cxi])al)ili[y, so i[ will lw usul as all Cxatn]llc  ~.)f
h o w  the  iunclim)s al’c rc]atd. A dc.sip,acr  may bcp,ill by e x a m i n i n g launch  / awival c o n t o u r s
C(mlm(mly  rcfcl”rcd  to a s “l)OIk cho])” ])jots t o  fiacl minilnuln c.ncrp,y  tmnsfcm f r o m  } [arth  (()
Saturn, After dctcrmininp, that a ciirw[ trajc.clory to Saturn  rquim an unacccp[ably hig,h  l:iunch
CIIC1’~y, thC.  ~lMlySt Il)ay CO1)Si(lCl”  USil)F, ollC. 01 nmIc F,ravity a s s i s t s  to rcdum the j)mpulsivc

lc(][lilcll-lcllts. 1 ,aunch cmcrg,y  col)(ours  [0 othcl plamis 0] mul(i-yc:ir 1 iarlh phasin:,  orbi[s can bc
c.xamincd  to search for allct n;ilc o])]) oltalii(ics. Af(c.r dctcrinining  ( h a t  ii inultiplc  F,r:ivity  :issis(
(rajcdory  (0 Saluril mi. gl)t cxis(, the analyst mif,ht use. a conic tiajc.ctory optimi7; ition jlrograli~  to
tcsl  (hc hypdhcsis.  II] this Gist., (1u2 trajwlory  involws  launch from 1 Lirth, two Vc.nus fly b} ’s,
andhc.r  1 iar(h flyby, a Jupiter f lyby, and thcm c.ntly  into mbit around  .S:itilli]. ‘1’hc simp]c  coi]ic

pragiam  rquirm  only a rudimcr]t:try  initial cstilnalc.  of the times of the ])l:indary flyl)ys ii] ordcl’
to optimim  a tr:ijc.ctory  to minilnim (IJC total mission Av.

Omc. a candidate mbit  is found, the analyst can fur(licr cq)timim the tiajcctcwy  sut)jcct  tc) a wiricty
of mission cons(r:iints  such as launch pcricrd  ]ccl~lilc.]llcllts, minimum flyby :iltitudcs, and many
Others. 1 ‘inal]y, the tI:ijcc(oIy can bc ]cfiid Lising more sophisticated, fully ililc~ratcd
acceleration mode.]s (n-body gravitational at(ractim, highcw o r d e r  g,r:ivity  h:irmmics,  solar
r:idiation  pv.xsurc,  :itmos])hcric  drap,  Inodcls). {Il(ima(cly,  a  viat)lc  flip,ht p:ith to S:itLiIIl  can bc
found.

Af(crthc spaccwrft  :irrivcs  at SatiIIm, it calm an oi-bil  that will :illow miny  flybys of ‘1’i(an  :iIld tl)c
Olhcl  Salllrllian  ]l]oons. A  conic j)mp,l”iim is USC([ (() sc.;irc]l fol l)a(U1”:il tal”gc(s o f  ()])j)()l’((lllity, :il)d
:icl.ius[  satdlitc  f l yby  l):iI:imctcrs  to allow mulli])]c  g,t;ivily :issists to stcc] the s]):icccraf[ towads its
])cx(  t:ir~c.t while. l))inilnizin~,  the total  AV I~c.cc.ssary to accomplish tl]c. mission h4any  possil)lc
sa te l l i t e  ( ou r  sccnalios  cxis(,  ;in(] ol)tions  :itc cl)osc]) to s:itisfy scic.l)cc ~,o:ils ,  as WCII :is Sp:icc.cl’(if(
and mission oj)clations c(mstt:iinls. ‘I’llcscco lls(t;iitlts :itc al)alyd ilsil)p, soflwal”c  lc.j)rcscl)ld  by
II)c ‘1’i]]lin[l,  /livcIIts  colil]nn, :il)d the ~icolnctly  [;:ilcill:iliol)s  colill]ll) Aftc] the tour is SCICCLCCI,  it,
t o o , ”  c:in k ()])timi~c.(]  usinr,  (IIC f(llly intcp,tatc(l  II[tjc.ctory  o])tiini7cl. A t  :i!)y l)oin( ii) [I)c ;ii~alysis,
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Thl$ scheme  K?qdre$  (n”(n.1 ))/2 Iwo way connections. 15 1 his scheme requires  n two way connedions  = 6
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MOI)U1  ,AR17,1NG MISSION ANA] ,YSIS II’UNC’1’1ONS

1 l a m i n a t i o n  of the software that  rcmincd OH the suppor[cxl list aflcr sdcction  rcvcalcd
si~, nific:inl  ovcr]ap  of key fuwdions. Iiigurc  3 shows six unique ]mvyms lhat wcm dcvdopcd  [0
mlmrically inkgratc  (rajcctorics,  given a spcxific mission sccmario. in some cases, a ]mgram has
a  ulliquc  physicxl  mocle,] ]ackinp,  in othc I pro.gl  atns. 1 /01’  C.xamplc., CA1lSAR  Il:id a  comet

out~,assing pressure model to use, while orbi(ing  a cmmcl, (hc l’landary  Observer l’mgram (1’01’)
sc.t w a s  cus[omi7.cd  to mcdet tcrrcstl-ial  ])laIlcls  using hi~hcr OKICI  p,ravity  h a r m o n i c s ,  whik
1,( JN”l’R.I  aIId tlIc Goddard pmp,ram SWINGl\Y  iIIcludcd  gravitational attraction of (1IC  }lar(h,
moon, and sun. “J’hc  only program fulldcxi  for dcve.tol)lncnt  or maintcmanc.c at any lCVCI was
1 ‘AS’]’ which has been a core pro~ram for ncar]y 2.S yews. llctwccw the time the group formed to
consolidate c. fforts  and the proposals were funclc.d,  the CA’1’O  ]mp,ram (Compu(cr Algorithm for
‘l’l-:ijcctory  Optimization) was being dc.vclo]ul  to ol)[imim fully intc.f,ratc.cl  Irajc.ctcmics  involving
mul[ip]c.  flybys. CA’J’O w:is  CIC.VC1OPCCI for Cassini to lcplacc (hr. h40Sll  S multi-conic trajccto]y
o])tin{inti~n  imo~ram set USN1 by G;lileo  for tllc sate.llitc”toul at J~l])itcl.,.,,

-. ———-
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l“igurc .3:  A si!tgie gctleral lJ14?~)o.ve 1110d14[c  ?“c1)I(Icc.v (Iverlal)])itlg f14t14’tiolla/i  ty, rc,Y14[lillg  ill [o M’c?’

I)laiillcnollcc  4WLT!LV.

laitially, dcvc.lcqms  trie.cl to aclapt  I/AS’J’  to bc the. trajectory integration module. USN] in CA’]’(),
hut this plan was abandcmcd aftcl considcu  iiblC  c. ffo]t, since the. dc.sired fcatum in liAS’I’ were
distribute.d all through the complex program. ‘] ’hcmfotc,  a mw (rajcctoIy  integration module
calld GRIS”l’  was written in objc.ct  olic]ltc.d  1 QR’I’RAN 90 to bc t)oth  a stanci  alone. tra.jcdory
inlc:, ration ]mp,ram, and a module to bc CHIICXI  by other ])lmp,rams. Since GRIS’I’ was wrlttcn  to
bc useful to any class of missicm, it was dcsi~,ncd  (0 itltc.g,ratc  tltljcctoric.s  modeling an arl~itr:iry
nLIIIllmr  of gr:ivitatinp,  tmdic.s (any combination of SUII,  1 iallh, IUOOI1, ])lanc.ts  and tlmir  satellites,
COII)CIS and aslcroids), F,ravily l)armonics, solal I  adiation ]Jrcssurc, nine diffc.rent atlnos])llcric
lI)odcls, and otl)cr accclc.lalion  modc]s as desired. otIcc (;1<1,$’1’ was dcsig, ncd 10 solve the F,cllcr; il
])1 (~l>lcIn,  it rcprcscntcd a supcrsd of tl)c. c;i])al)ilitics  of [I)c ])ropjt ams it rcplaccd. If a d e s i r e d
;lW.CIC.lali  OIl  lnodcl  is Inissing in (irisl, SUC]I as a S]m’iflc  comet Oulp,  assinp, Inodc.] fl 0111 C:A1 XAR,
il CaII  t)c included as another term 01) tl~c I i~,llt  lI; II~d side of lhc diffclclltial  equation of motion.
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‘1’IIC  l’clllaillillf: lnissiol) ana]ysis  l) I()~,IaII)s IIavc  oth~:r sit]lilari(ics, ill addi(ioi)  to tr;~jcctory

il)tc~lalion.  M o s t  programs c a l c u l a t e  p,cx)InclI  ic quan[i( i c s  t o  IIclp d e s i g n  [Iiticc[olim,  dctcrmil)c.

instmmm(  covcra~,c 01 tclccc)lllll)llll ic:ltic)l) links t o  a  g, Iou IId  staliol), 01’ Solllc  Otllcr  JIlll”fmsc.. 111
c.xistillg,  stand alcmc  pro~,Iams,  a latgjc  ]xIccIItag,c  of’ (IN code. is ty])ically  devoted to kccpillg
(rack of colnplicatcd ciata , vcdors,  and coordina(c  sys[cIIIs  to n]akc tlIcsc calculations. AI)otl Icr
function common  to IIIaI}y programs is IIlc need [0 scam]) for and km]) (rack of cvcJIts [Ilal OCCUI,

sucl] as pmpu]sivc mancuvcIs, scicacc viciving  op])oI [llni(ics, and call-y and c.xit o f  solar
occultiition,  III smm  cases, (hcsc c.vcllts arc.ulliquc  Ic) the mission or arc. s]mificd  by tlm user, but
Inany cvmk arc calcul:itcd  bad on a ~,colllc([ic  quantity ( s u c h  a s  occ.ultalim~s  and sround
station view ]miods).  l<cali7in  S (his,  Iwo Inorc nlodalcs wcm identified as core  fcatul-cs,  an cvcJ]ts
fin(iing n]odulc  (liVJ;Nrl’S),  and a gcomc.try ca l cu la t ion  modulc (G1’OSrI” - GcJIcJ:il puqmse post

l)mccssor). II I  both  c.asc.s,  tl)c nlodulcs  wc.mdcsignd to  bc uscxl  ci[hcr  a s  s[aJI(l alor]c pIogIaJns

01 as lmr[ of another program.

l;igurc4  showsa to] I level vicwof how the ~)iccc.s fit to:clhcr. “Jk ]C.f(-l))OS( b]OCk  J“C])l’CSC1ltS a

Scnc.ric }nission analysis pI-OgJaIII, which pclforlns a trajectory design function. lJsing satclli(c
tour clcsip,n  as ancxamplc,  the application will mcdcl a conic obit amuncl  a pland, ad pcrfom
calcula[icms  to target multi])lc  flybys of the plaad’s sate.lli(es. Astl~c]~rogral~~ist}sccl  to build  u p
a tour, events such as maneuvers aJId  satdlik  CJICOUJItCI  times begin (o acxwmulatc. (icomc.tric
quantities arc also c:ilculatcd,  and may bc Jclatcd  tO viewing gc.oJnc[ry of tllc scic.ncx il)s(mmcnts,

for example. ‘1’his  information IIC.IIIS the mis s ion  atlalvs(  design  the (our (0 lncct (hc mis s ion
objcc.tivc+. [Illinvitc.ly,  the pmfyam’w  ill produce  some. s&r[ of g,;;qhical  olt:ibul:il outlmt.
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After running the. sate.]litc toul IImgI:im, ttlc. cmstom Cvcnts I’elated to the. 10U1’ aJ’c Wl”it(cm mlt ill ;I

slal)dardi7,cd  format  (0 bc mad by CJ(IICI applications downstream. ]n the diagram, (IIC custom
events and the. stand  atdimx] tr:tjcctory  file. am USC.(I as inputs to the liVliN”J’S  module, which CaII
bcuscd  tocahlatc  any nuInlm] of  user spccifid occurrences such as flax lube crossitlgs,  “J’hc
l\ VliNrJ’S prog,ram would tllcl~ l)roducca  merged events  file. cont:iiaing the information from the
(ouJ dcsiga pJ-OgI-:iJI), and  t h e  u n i q u e  Occllrl’cllcc.s  J’C(JIK!Skd. ‘1’his  i n fo rmat ion  could llIe.JI tm

passed to {ilWS’I’t  O calculate. standard trajectory lwoducts  such as r-ar~gcs and mtIgc  rates to lla I[lI
gIouJId statiol~s  fc)rtclccc>1lllllllllicatioJ]sal]alysis,  arid the range to the. slJIl fol power and thcrlnal
considcratiorls. IJinally,  the infonmtion  can be. plotted or tabulated in a s])ccificd follnat. ‘J’lIc
Inaia m e s s a g e  col]tainc.d in l;igum 4 is thal most  m i s s i o n  analysis a]~plications  Ilavc. much ill
conllnor], and (hat b y  i d e n t i f y i n g ,  t h e  majol modll]c.  s and dcsi~ning  thcm il) a ~,cIIcIal,  multi. -

lnissicm  f a s h i o n ,  tllc.y can  bc I-cadily u sed  to  coastmct  ncw :i])j)lications  wl~itc  Jninimiz, ins,
da])licatioa of c. ffor(, and ]wcscrvin. g stand adi7cd  illtc.rfacm  for a more syncr?, istic systc.m.

[~OS’1’  SAVJN(iS

‘1’IIc lnost iln]]oltant  collsidc.ration ill lc-cl]~,illcc.lii~p,  J1’1,’s  mission analysis  softwalc lIas bccIl [o
il]crcasc  tllc ])roductivity  of the l]lissioa  analyst, tllclcl~y savinp,  projects  considc.l-alllc.  t ime  aIld
InoIIc.y.  l[qIIally  iill]mrlanl, however, is [hc cost of IIc\v dcvclol)mmis,  aIId the ptc)jcc(cd  cost of



mainlainil]g  tlm new syslcm. IIy Clilllilla[illf: Ullllcccss:lly  Wdul)(liill(’y al)c]  II)ission  spccifi~.’
illl])lc.lllcllt:itic)lls,  [hctc al-c fal fcwc.r 1)1 oF,tdlIls to l])ain(ain, ,,il)(j also -fg\\Jc1_41~,liil  l)s fol” th(’  llscl’s

to ]Cal’1).
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‘J’hc CA’]’()  pro~ram i s  a  good cxam])lc.  of cost s a v i n g s  rcxilimd from  IIK  ncw archi[cc[uw,
originally, CA’1’O  was only intended [o rc.place (he. h40Sl  N software SC[ for optimiyins satellite

[OUI”S  al’oun(l Ou(cl’ plmc.(s. ‘1’l)c  1’1 A’]’() sof(w:im  set  was anothc.t  large ]mckagc., bu( it was
inkmdexi to oplimim trtijc.ctmics  in heliocentric space with pl:incttiry  flybys. , Concc])taal]y,  the
two syskms  wcm very s[milat,  so a dccisim  wm made to make CA’] ’() as general in nature as
rcascmably possible., and thereby rcplam both sets. in cssctlcc, the algorithms wcw formulated
without IIlaking any assumptions about  what lmdic.s  w’ollld  bc il)volvcd,  w’llclhcr  the.y wcm })laacls,

~.satellites, aslcmids, cmncts, or any combination. Ultimalc]y,  the CA’] ’() progtam  wm dclivcrd  to
the Cassini  ]m)jcct  with only an iasigaificant  addition of cos[ and schcdulc.

r Af[c.r dclivcly, sc.vmal  ])mjcc(s  rc.slim.d si~,nificant  cost savings duc to the general ]Jurj)osc natarc
o f  CA’J’O.  ]nitially,  t h e  Cassini projccl  only intcmlcd  to use CArl”() for s:itc]lik Iour dc.sign,  hut
their fimt usc was to optimize. the complc. x intcrj)]allctary  1 ialtll-Vcll~ls  -Vcll~ls-l[:  il[ll-J~l]Jitcr  -
Saturn  tr:ljcctory  and Jmducc  the targc.1 specification in fm” lCSS time than planned. Although
dcvclo]d  as a Cassini prmiuct, t h e  Galilee)  m i s s i o n  usc.d  CA’1’O to ]mrform  an e.IKl  to cnd
optimiz, atioa of (IK (our at Ju])i(c.r,  which was J)of possib]c  with car]icr  sof(warc. Several small
mission stadim requiring complc.x tt:ijc.ctorics  in the 1 i:ir(l~-llloc)ll-s(lll  systc.m  wcm able to rcduc.c
their proplsivc  rcquimncmts by using, CA’10 to optimi~,e  their tr?jcctmics. And finally, the Ncw

‘- Millcumium 1 )ccp Space 1 missim~ using  solar electric ])mpulslon  (S1 ~1’) to math an astc.roid
sucxcssfully  used CA”] ’() to model the low thras(  burns al}d optimiz,c  the trajectory to the target.
‘1’l)c Ncw Millcnniulm  ])] ogram will devote. soInc fullcls  to auglncn(  the CA’10 effort to ]nake it
casic.r (0 usc for Sl+l’  an;ilysis,  but Ihcrc arc. l a rge  sav ings  rcaliz.cd by stailing with a gcnc,ral
]mrlmsc.,  multi-]  nission  tool.

j.
,’/ CONCI.lJSIONS

Aftcl dccadcs of Ic.lativc  i s o l a t i o n ] ,  J]’], fli F,ll[  ]Imjccts aI)d s(u(lics  :ilikc aw tmginnillp, to rL~:ip
Iwllcfits  frol]~ [Ilc. I]CW ]J;iltllcmlli])  fol)ncd  Imlwccn mission analysis  soflware Uscl’s, (Icvclopcl’s>
lllal)a~,c.l”s, :IIld  itlstituliol)a]  s]m]~so]s, IIy coordinatillr,  a  lalgc nu]]llwl  of t;tsks,  i t  h:is  l>cro]l)c
clear tl)at many lnission specific a]]]] libations  have much nlorc in com]no]) (I)al) illiti:illy  tlloup, ht.
N4[)(lcrll  Coln])lltcr  j)latfol”lns, IIc.twmks and langjua:,c  f e a t u r e s  hdvr. cI)ablcd  a si~, tlificant  rc. -
cmcinccring,  of tllc )nission an:ilysis  il]fl:isll~lclll]c,  while climinatin:, ullilcccssary  rcdu])dancy an(l
cumbcm)Inc interfaces. IIc.ncfits incladc  itlcrcascd  ])roductivity, multi-mission a])plicat>ility,
crmr  Auction,  and rcducccl  maintcaancc costs .

M o r e  WOl k llC.CXiS to bC dOllC,  tKWCVCl”, a s  t h e  l)cw systcm is intc.g,tate.d  tmttl  intmlally,  aad witl]
(hc sof(w:iw tools  of m]atcd  disc. iplincs.  Atthough  most of the major  analytical com])oJ]cats  arc
l~caring,  completion, details of [hc user intro f:icc and intcqwc)cxss  co]]l]ll(ll]iczitiol)s  arc stitl Llndcr

(Icvclopmmt. Also, plans arc cumatly bc.ing made to in(cgratc.  the best features of  missioa
:inalysis  softwal-c with [hose of the llavi~,  ation systcln.


